We present results from an analysis of the largest high-redshift (z > 3) X-ray-selected active galactic nucleus (AGN) sample to date, combining the Chandra C-COSMOS and ChaMP surveys and doubling the previous samples. The sample comprises 209 X-ray-detected AGN, over a wide range of rest frame 2-10 keV luminosities log L X = 43.3 − 46.0 erg s −1 . X-ray hardness rates show that ∼39% of the sources are highly obscured, N H > 10 22 cm −2 , in agreement with the ∼37% of type-2 AGN found in our sample based on their optical classification. For ∼26% of objects have mismatched optical and X-ray classifications. Using the 1/V max method, we confirm that the comoving space density of all luminosity ranges of AGNs decreases with redshift above z > 3 and up to z ∼ 7. With a significant sample of AGN (N = 27) at z > 4, it is found that both source number counts in the 0.5 -2 keV band and comoving space density are consistent with the expectation of a luminosity dependent density evolution (LDDE) model at all redshifts, while they exclude the luminosity and density evolution (LADE) model. The measured comoving space density of type-1 and type-2 AGN shows a constant ratio between the two types at z > 3. Our results for both AGN types at these redshifts are consistent with the expectations of LDDE model.
INTRODUCTION
Active galactic nuclei (AGN) evolution at high redshifts, before their density peak, illuminates the role of AGN in the formation and co-evolution of galaxies and their central supermassive black holes (SMBHs) during the time of rapid SMBH growth. The socalled 'downsizing' evolution has been revealed for both AGN (e.g. Ueda et al. 2003; Hasinger et al. 2005; Aird et al. 2010 ) and galaxies (e.g. Cowie et al. 1996; Kodama et al. 2004; Damen et al. 2009 ). Supporting this idea, X-ray surveys have shown that the number density of luminous AGN peaks at higher redshifts than less luminous ones (e.g. Ueda et al. 2003; Aird et al. 2010 ). This sort of cosmological 'co-evolution' scenario is inferred from the tight correlation exists locally between SMBH mass and galactic bulge properties (e.g. Magorrian et al. 1998; Ferrarese & Merritt 2000; Gebhardt et al. 2000; McConnell & Ma 2013) .
To elucidate the co-evolution of SMBH and galaxies (e.g. Granato et al. 2001 Granato et al. , 2004 Croton et al. 2006; Hopkins et al. 2006; Menci et al. 2008; Trichas et al. 2009 Trichas et al. , 2010 Kalfountzou et al. 2011 Kalfountzou et al. , 2012 Kalfountzou et al. , 2014 , the accretion activity in the Universe has to ⋆ Email: ekalfountzou@cfa.harvard.edu be studied both at high redshifts and for low luminosities. This requires large samples of AGN spanning wide ranges of properties. While many optical surveys have investigated the space density of high-redshift AGN (e.g. Richards et al. 2006; Jiang et al. 2009; Willott et al. 2010; Glikman et al. 2011; Ikeda et al. 2011; Ross et al. 2013) , the results are still controversial due to their inevitable incompleteness, especially at the faint luminosity end due to the host contamination, and the bias against obscured sources. Contrary to the optical surveys, X-ray observations are less contaminated by the host galaxy emission and include AGN populations with a wide range of neutral hydrogen column density.
For the investigation of the absorption evolution (e.g. Ueda et al. 2003; Hasinger 2008; Draper & Ballantyne 2010 ), X-ray selected samples include all types of AGN (e.g. type-1/unobscured and type-2/obscured) and provide reduced obscuration bias in comparison with optically selected AGN. Although Xray surveys have inferred the existence of an anti-correlation between the obscured AGN fraction and the luminosity, several of these studies have suggested an increase of the fraction toward higher redshift from z = 0 to z ∼ 2 with limited samples at z > 3 (e. However, the evolution of AGN is still rife with uncertainty. On the basis of hard X-ray surveys many studies agreed that the XLF of AGN is best described by a luminosity dependent density evolution (LDDE) model (e.g. Ueda et al. 2003; Gilli et al. 2007; Silverman et al. 2008; Ueda et al. 2014) . Aird et al. (2010) preferred instead a luminosity and density evolution model (LADE). In LADE, the shift in the redshift peak of the AGN space density versus X-ray luminosity is much weaker than in LDDE models, yet gives a similarly good fit to their data. While the z < 2 downsizing behavior is common to both models, quite different numbers of AGN are predicted at higher redshifts (z 3).
X-ray surveys (2-10 keV) are now sensitive enough to sample the bulk of the z > 3 AGN population. Two studies have been performed on high-redshift AGN exploiting the deep X-ray surveys in the Cosmological Evolution Survey (COSMOS) field carried out with XMM-Newton (NAGN = 40; Brusa et al. 2009 ) and Chandra (NAGN = 81; Civano et al. 2011) , limited to 2 − 10 keV luminosities L 2−10keV > 10 44.2 erg s −1 and 10 43.5 erg s −1 , respectively. A more recent study based on the 4 Ms Chandra Deep Field South (CDF-S, Xue et al. 2011 ) was able to investigate the evolution of z > 3 AGN down to LX ∼ 10 43 erg s −1 (NAGN = 34; Vito et al. 2013) . These results are consistent with a decline of the AGN space density at z > 3, but the shape of this decline remains highly uncertain at z > 4. To overcome these limitations, in this work we combined the two largest samples of z > 3 X-ray selected AGN with spectroscopic redshifts, both derived from Chandra X-ray Observatory (Weisskopf et al. 2002) surveys: the wide but shallow ChaMP survey (Kim et al. 2007; Green et al. 2009) , and the deeper but narrower C-COSMOS survey (Elvis et al. 2009 ). This combination results in the largest X-ray AGN sample with NAGN = 211 at z > 3 and NAGN = 27 at z > 4. At the same time, by combining two surveys with different flux limits, we are able to determine the density evolution of both low luminosity (LX < 10 44 erg s −1 ) and high luminosity AGN. Our sample includes both obscured and unobscured AGN, and their separate evolution has been determined.
The paper is structured as follows. In Section 2, we discuss the the data sets used in this work and the selection of the high-z sample. In Section 3, we present the optical and X-ray properties of the selected high-z AGN sample and we explain the AGN type classification using X-ray or optical data. In Sections 4 and 5, the number counts and space density of the sample are compared with model predictions. Section 6 summarizes the conclusions. A cosmological model with Ωo = 0.3, λo = 0.7, and a Hubble constant of 70 km s −1 Mpc −1 is used throughout (Spergel et al. 2003) . Errors are quoted at the 1σ level.
SAMPLE SELECTION
The high redshift AGN sample used in this work has been selected from the C-COSMOS X-ray catalog, combining the spectroscopic and photometric information available from the identification catalog of X-ray C-COSMOS sources (Civano et al. 2011 (Civano et al. , 2012 ) and the ChaMP X-ray catalog using only the 323 ChaMP obsids overlapping with SDSS DR5 imaging. In Figure 1 , we show the sky coverage (the area of a survey that is sensitive to sources above a given X-ray flux) using the observed soft band (0.5-2 keV) source detections for the two surveys, and their sum. This corresponds to 2-8 keV rest frame for z > 3.
A schematic diagram of the sample selection with the detailed number of sources for each step is presented in Figure 2 . . Sky area vs. X-ray flux sensitivity curves for the C-COSMOS (blue solid line) and ChaMP/SDSS (red solid line) samples and the total area (black dashed line). The vertical blue dashed line indicates the flux corresponding to 10% of the total C-COSMOS area (see section 4). The vertical red dashed line indicates the ChaMP X-ray flux limit with > 75% completeness from SDSS/UKIDSS/WISE (see section 2.2). The total area, after the applied cuts, used for this work is represented by the shadowed grey area.
The C-COSMOS sample
The Chandra-COSMOS survey (C-COSMOS; Elvis et al. 2009; Civano et al. 2012 ) covers the central 0.9 deg 2 of the COSMOS field up to a depth of 200 ksec in the inner 0.5 deg 2 , with the ACIS-I CCD imager (Garmire et al. 2003 ) on board Chandra. The C-COSMOS X-ray source catalog comprises 1,761 point-like Xray sources detected down to a maximum likelihood threshold detml=10.8 in at least one band. This likelihood threshold corresponds to a probability of ∼ 5 × 10 −5 that a catalog source is instead a background fluctuation (Puccetti et al. 2009 ). Given this likelihood threshold, the flux limit reached in the survey is 5.7 × 10 −16 erg cm −2 s −1 in the Full band (0.5-10 keV), 1.9 × 10 −16 erg cm −2 s −1 in the Soft band (0.5-2 keV) and 7.3 × 10 −16 erg cm −2 s −1 in the Hard band (2-10 keV). The z > 3 C-COSMOS sample, as presented by (Civano et al. 2011) , comprises 107 X-ray detected sources with available spectroscopic (32) and photometric (45) redshifts plus 30 sources with a formal z phot < 3 but with a broad photometric redshift probability distribution, such that z phot + 1σ phot > 3. All of the spectroscopic C-COSMOS sources have a quality flag 3 (2 sources) or 4 corresponding respectively to a secure redshift with two or more emission or absorption lines and a secure redshift with two or more emission or absorption lines with a good-quality, high S/N spectrum (see Lilly et al. 2007 Lilly et al. , 2009 for thorough explanation of quality flags). Tuned photometric redshifts for the C-COSMOS sources have been computed and presented in Salvato et al. (2011) . Due to the large number of photometric bands and the sizable spectroscopic training sample spanning a large range in redshift and luminosity the estimated photometric redshifts are expected to be quite robust at z > 2.5 even at the fainter magnitudes (iAB > 22.5). The COSMOS photometric redshifts for X-ray selected sources have an accuracy of σ ∆z/(1+zspec) = 0.015 with a small fraction of outliers (< 6%), considering the sample as a whole at i < 22.5. At fainter magnitudes, the dispersion increases to σ ∆z/(1+zspec) = 0.035 with ∼ 15% outliers, still remarkably good for an AGN sample. For the z > 3 C-COSMOS sample, an accuracy of σ ∆z/(1+zspec) = 0.014 is achieved with only 3 catastrophic outliers (< 9%). The spectral energy distributions (SEDs) of the sources with photometric redshift larger than 3 have been visually inspected together with the photometric fitting and the probability distribution of all the possible solutions.
There are 91 sources selected in the 0.5-2 keV band, 14 in the 2-10 keV, and 4 in the 0.5-10 keV bands. There are 15 C-COSMOS sources without a counterpart in the optical bands, but with a Kband and IRAC (7), only IRAC (6) or no infrared detection (2).
Given the small number of bands in which these objects are detected, no photometric redshift is available for them. In X-ray selected samples, non-detection in the optical band has been often assumed to be a proxy for high redshift (e.g. Koekemoer et al. 2004) , or for high obscuration, or a combination of both. Four of the 15 sources have no detection in the soft band suggesting high obscuration, possibly combined with high redshift. More details about the sample selection can be found in Civano et al. (2011) and are also presented in Figure 2 .
The ChaMP sample
The Chandra Multi-wavelength Project (ChaMP) is a wide-area non-continuous X-ray survey based on archival X-ray images of the high Galactic latitude (|b| > 20 deg) sky observed with ACIS on Chandra. The flux levels (in erg cm −2 s −1 ) reached in the survey are 9.4 × 10 −16 − 5.9 × 10 −11 in the Full (0.5 − 8 keV), 3.7 × 10 −16 − 2.5 × 10 −11 (0.5 − 2 keV) in the Soft and 1.7 × 10 −15 − 6.7 × 10 −11 (2 − 8 keV) in the Hard band, respectively. The ChaMP survey includes a total of 392 fields, omitting pointings from dedicated serendipitous surveys like C-COSMOS, the Chandra Deep Fields, as well as fields with extended (> 3 ′ ) bright optical or X-ray sources. The list of Chandra pointings avoids any overlapping observations by eliminating the observation with the shorter exposure time. The survey has detected a total of >19,000 X-ray sources (Kim et al. 2007; Green et al. 2009 ) over 33 deg 2 with ∼15,350 X-ray sources positionally matched to SDSS optical counterparts (Green et al. 2009 ).
The study of the X-ray detected AGN properties requires accurate estimation of redshifts, luminosities and source classification thus, good quality spectra or, when not available, multi-band photometry. Hence for our X-ray analysis we chose only the 323 fields overlapping with SDSS DR5 imaging for which the sensitivity curve is given by Green et al. (2009) , to determine accurate number counts. Optical spectroscopy of ChaMP X-ray sources was described by Trichas et al. (2012) , where redshifts and classifications for a total of 1,569 Chandra sources are presented. Since the ChaMP is a Chandra archival survey, most ChaMP fields contain targeted sources selected by the target's PI, and those targets are likely to be biased toward special X-ray populations such as bright AGN. Of the targeted sources ∼ 90% have a secure spectroscopic redshift with 33 of them having at z > 3 and 29 at z > 4 (see Trichas et al. 2012) . The high rate of high-redshift detected sources clearly shows the strong selection biases that could affect our analysis if we included the targeted sources. Therefore, we exclude all targeted sources (153) to reduce bias in sample properties and source number counts.
For SDSS point sources with i < 21 and without available spectroscopy, efficient photometric selection of quasars is possible using a nonparametric Bayesian classification based on kernel density estimation as described in Richards et al. (2009) . To select high-z candidates without available spectroscopic or photometric redshift, SDSS detection is required in at least the i− and z− bands, to detect Lyman dropouts (e.g. Steidel et al. 1996) .
Searching the ChaMP catalog for X-ray sources within 4 ′′ of the optical SDSS quasar coordinate (95% of the matched sample has an X-ray/optical position difference of less than 3 ′′ ; see Green et al. 2009 ), yields 9, 727 unique matches (∼63% of the total ChaMP X-ray selected sample). We additionally searched for cross-matches in the Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010 ) and UKIRT (UK Infrared Telescope) Infrared Deep Sky Survey (UKIDSS; Warren et al. 2000; Hewett et al. 2006; Maddox et al. 2008 ).
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For a source to be included in the WISE All Sky Source Catalog (Wright et al. 2010 ), a SNR>5 detection was required for one of the four photometric bands, W 1, W 2, W 3 or W 4, with central wavelengths of roughly 3.4, 4.6, 12, and 22 µm, and angular resolutions of 6.1, 6.4, 6.5 and 12.0 arcsec. Because of the different spatial resolutions, 6.0 arcsec (WISE; W 1) and 1-2 arcsec (SDSS), we use 6 ′′ as the matching radius for WISE counterparts (Wu et al. 2012) .
Similarly, we searched the UKIDSS Large Area Survey (LAS; Lawrence et al. 2007 ) Data Release 10 for NIR counterparts to ChaMP X-ray sources. The photometric system is described in Hewett et al. (2006) , and the calibration is described in Hodgkin et al. (2009) . We used the LAS Y JHK Source table, which contains only fields with coverage in every filter and merges the data from multiple detections of the same object. The X-ray source catalogs were then matched within 3 ′′ of the X-ray position separately to each UKIDSS band: Y (0.97-1.07 µm), J (1.17-1.33 µm), H (1.49-1.78 µm) and K (2.03-2.37 µm) recovering also the areas with coverage in a single UKIDSS band. The individual band lists were then combined. For objects not detected in a UKIDSS band we use the 5σ detection limits provided in Dye et al. (2006) of Y = 20.23, J = 19.52, H = 18.73, and K = 18.06. Matching the ChaMP catalog to WISE and UKIDSS, we find 1,103 additional WISE and/or UKIDSS counterparts which do not have a SDSS counterpart (the detailed numbers are reported in Figure 2 ).
In summary, ∼70% of the total ChaMP X-ray sample have SDSS and UKIDSS/WISE photometry (9, 727 SDSS and/or WISE and/or UKIDSS and 1, 103 WISE and/or UKIDSS). The limited fraction of optical matches shows how optical counterparts of faint X-ray sources are fainter than the SDSS magnitude limit (i = 21.0). SDSS quasars were identified to i < 19.1 for spectroscopy by their UV-excess colors, with an extension for z > 3 quasars to i = 20.2 using ugri color criteria (Richards et al. 2002) .
Based on the X-ray limits, the identification completeness of ChaMP X-ray sources falls rapidly for objects with fainter optical counterparts. Figure 3 shows the optical (SDSS i−band counterparts) and infrared (WISE and UKIDSS counterparts) completeness of the X-ray selected sample as a function of the soft (0.5-2 keV) X-ray flux. This incompleteness can severely bias determination of the number counts and space density, particularly at high redshifts (e.g. Barger & Cowie 2005) .
To address this issue, we set a relatively high X-ray flux limit in ChaMP, where spectroscopic completeness is higher, and photometric coverage allows good photometric redshifts. We use a soft flux limit for ChaMP at S 0.5−2 keV > 3 × 10 −15 erg s
as at these brighter fluxes the completeness is higher than 75% (see Figure 3 ). The completeness fraction as a function of flux has been taken into account for the estimation of the number counts and comoving space density (see Sections 4 and 5). For sources not detected in the soft band, the 0.5-2 keV flux has been computed by converting the 2-10 keV flux using Γ = 1.8 (see Section 3.2). One of the main advantages of our compilation is that we do not miss the faint high redshift population, since this is recovered by the C-COSMOS survey. In this way, the ChaMP sample is used for the determination of the bright end of the luminosity function at high redshifts.
Spectroscopic redshifts
We compiled secure spectroscopic redshifts for a total of 1,547 sources. We have used 1,056 sources (excluding target sources) from existing ChaMP spectroscopy (Trichas et al. 2012) for the selected ChaMP fields. Additional spectroscopic redshifts are given in the SDSS-III (N = 91; Noterdaeme et al. 2012 ) and SDSS-DR10 quasar catalogs (N = 145; Pâris et al. 2014) . We also searched the literature by cross-correlating optical positions with the NASA Extragalactic Database (NED), using a 2 ′′ match radius where we found 255 more sources with spectroscopic redshift.
The high redshift spectroscopic sample consists of 44 sources with z > 3. All of these sources have a soft band X-ray detection, and only 3 sources lack a hard band detection. Among them, there are 7 sources with z > 4 and 1 source with z = 6.016 ± 0.005 (Jiang et al. 2007 ). All but 6 of them have SDSS optical spectra with mean S/N > 4.5 (none of them has S/N < 2.0) with at least 2 broad emission lines (Lyα and CIV) significantly detected. For 5 of the remaining sources, redshifts have been obtained by Trichas et al. (2012) while for the source with the highest spectroscopic redshift (z = 6.016) we have used the estimate from Jiang et al. (2007) . For 30 sources of the ChaMP spectroscopic sample there are available photometric redshifts derived by Richards et al. (2009) (see Section 2.2.2) with an accuracy of σ ∆z/(1+zspec) = 0.013 and only one catastrophic outlier.
SDSS Photometric redshifts
For the sources without spectroscopic redshifts, we derived photometric redshifts. The criteria used in SDSS DR6 have now been refined to include objects redder than (u − g)= 1.0 which may well be high-z quasars. The resulting catalog of ∼ 1 million photometrically identified quasars and their photometric redshifts from SDSS Data Release 6 (DR6) is described in Richards et al. (2009) . Only point sources (type=6) with i−band magnitudes between 14.5 and (de-reddened) 21.3 (psfmag i > 14.5 & psfmag i − extinction i < 21.3; where psfmag are the point-spread-function magnitudes). They estimate the overall efficiency of the catalog to be better than 72%, with subsamples (e.g., X-ray detected objects) being as efficient as 97%. At the faint limit of the catalog some additional galaxy contamination is expected.
There are 1,611 sources with SDSS high quality photometric redshifts and no spectroscopic redshifts in ChaMP (i.e. those with good 0.0, where good is the quality flag; 6=most robust; -6=least robust; Richards et al. 2009 ). Among them there are 14 sources with z phot > 3 and one with z phot > 4, above the adopted ChaMP flux limit. All of these sources are detected in both soft and hard band. The SDSS photo-z code also gives a probability of an object being in a given redshift range. In this way, we have not only the most likely redshift but also the probability that the redshift is between some minimum and maximum value, which is crucial for dealing with catastrophic failures. The redshift probability distribution for each source is taken into account for the estimation of the number counts and comoving space density (see Sections 4 and 5). As for C-COSMOS selection of high-z sources, we also included 13 sources having z photo + 1σ zphoto > 3 and z photo < 3. This adds another 10 objects to the main sample, all of them detected in both soft and hard bands.
High-z candidate selection and photometric redshift estimation
For the remaining 7,759 without a spectroscopic or photometric SDSS redshift, we selected the high-redshift AGN candidates using their optical and/or their infrared colors. Most of these sources (∼ 70%), despite being included in SDSS DR6 catalog, were rejected from Richards et al. (2009) selection criteria. The remaining sources come from later SDSS data releases. Following the same morphological criteria as Richards et al. (2009) , a candidate is required to be unresolved in images taken through the two redder filters (e.g. g and r for z ∼ 3 selection). This minimizes contamination from low-z galaxies since even type-2 AGN at z > 3 appear point like. However, we avoid using any faint flux cut in order to insure that we do not miss faint highz candidates since non-detection can imply high-z dropouts. We reject sources with flags indicating that their photometry may be problematic (e.g., blending of close pairs of objects, objects too close to the edge of the frame, objects affected by a cosmic-ray hit). Overall, we reject 5,079 non-point like sources or with problematic photometry. This number (∼ 65%) is in good agreement with the rejected number of sources by Richards et al. (2009) using the same criteria which explain the lack of a photometric redshift for these sources.
Photometric redshift criteria must strike a quantifiable balance between completeness and efficiency, i.e., a probability can be assigned both to the classification and the redshift. Using the SDSS, UKIDSS and WISE 2 photometric data can help us to select quasar candidates more efficiently than using each survey individually (see Table 1 ). The photometric redshift reliability, defined by (Wu et al. 2012) as the fraction of the sources with the difference between the photometric and spectroscopic redshifts smaller than 0.2 is given in Table 1 . The highest reliability can be reached only in the UKIDSS surveyed area, which is much smaller (4,000 sq. deg) than the sky coverage of both SDSS and WISE surveys. Richards et al. (2002) used a 3D multi-color space to select high redshift QSO candidates in SDSS: griz (g-r, r-i, i-z) for candidates with z > 3.0. Following the SDSS group, we search for high-z candidates in three redshift intervals (z ≃ 3.0 − 3.5, z ≃ 3.5 − 4.5, z ≃ 4.5). The details of the selection criteria are given in the Appendix. Our selection criteria require that our sources lie outside of a 2σ region surrounding the stellar locus. We still expect the sample to be contaminated by stars and low-z galaxies. For this reason, we use some additional criteria described by Richards et al. (2002) to exclude objects in color regions containing predominantly white dwarfs, A stars and unresolved red-blue star pairs. During the color selection process, no specific line is drawn between optically selected quasars (type-1 AGN) and type-2 AGN. Taking into account that both type-1 and type-2 AGN are unresolved in optical images at z > 3 and type-2 AGN should lie outside the stellar locus due to their red optical colors, we expect that the above criteria efficiently select both high-redshift AGN populations. We found 53 SDSS-detected high-z candidates.
To increase the reliability of the photometric estimation, we also combine the SDSS selection with the redder baselines from UKIDSS and WISE, where the contamination of the stellar locus and low-redshift galaxies is lower. We used the combination of UKIDSS and SDSS colors in the Y − K versus g − z colorcolor diagram suggested by (Wu & Jia 2010) to efficiently separate quasars with redshift z < 4 from stars. Similarly, Wu et al. (2012) suggested that z − W 1 and g − z colors could be used to separate stars from quasars. Based on these criteria, we have rejected 10 sources associated with stars based on both SDSS-UKIDSS and SDSS-WISE color-color diagrams. For sources detected only by UKIDSS we used the i = 21.3 upper limit and a Y − K versus i − Y color-color diagram to separate stars and low-z galaxies from high-z candidates. We found 4 high-z candidates. In the case of sources detected only by WISE there is no efficient way detailed in the literature to separate high-z quasars from stars.
Photometric redshifts have been estimated for the high-z candidates by comparing the observed colors with theoretical color-redshift relations derived from samples with known redshifts (Richards et al. 2002; Wu & Jia 2010; Wu et al. 2012) . A standard χ 2 minimization method is used to estimate the most probable photometric redshifts. Here the χ 2 is defined as (see Wu et al. 2004 ):
where the sum is obtained for all four SDSS colors and/or WISE and/or UKIDSS colors, mi,cz − mj,cz is the color in the colorredshift relations, m i,ob − m j,ob is the observed color of a quasar, and σm i,ob and σm j,ob are the uncertainties of observed magnitudes in two bands. The uncertainty in the measurement was obtained by mapping the ∆χ 2 error. Since the above studies are dominated by optically selected quasars, we would expect that the photometric redshifts uncertainties in type-1 AGN are smaller. However, since the Lyα break enters the g band at z ∼ 3.5, the g −r colors quickly redden with redshift for both populations. Alexandroff et al. (2013) found that g − r colors are indistinguishable at a 84% confidence level between type-1 and type-2 quasars at z > 2 suggesting that even in the case of type-2 AGN the photometric redshifts are reliably estimated. Overall, we found 8 sources with z > 3 at greater than 1σ significance, 4 sources with z > 3 but lower than 1σ significance, and 2 sources with z phot + 1σ phot > 3.
The ChaMP high-z sample
The total z > 3 ChaMP sample includes 87 sources with z > 3. Among them there are 44 sources with secure spectroscopic redshift, 15 sources with SDSS z phot > 3 and 13 sources with SDSS z phot + 1σ phot > 3 available from Richards et al. (2009) , and 15 sources with estimated photometric redshifts based on optical/infrared color -redshift relations (13 with z phot > 3 and 2 with z phot + 1σ phot > 3).
THE C-COSMOS & CHAMP Z > AGN SAMPLE
In summary, we have assembled a sample of X-ray selected AGN at z > 3 in the C-COSMOS and ChaMP on the basis of both spectroscopic and photometric redshifts. The total sample includes 209 sources with z > 3. Of these, 45 are selected to be at z > 3 from their broad P (z). There are also 15 C-COSMOS sources considered to be at z > 3 on the basis of their optical non-detection these are included only in the derivation of the upper boundary of the log N − log S curve. The properties of the sample members are given in Table A (Appendix) and the detailed numbers are given in Figure 2 . Figure 4 shows the optical and near-infrared (i, K, and 3.6 µm) observed magnitude distributions for the total high-z population and for sources with spectroscopic and photometric redshifts, separately. Sources selected as i-dropouts are also presented.
The hard (2-10 keV rest frame) X-ray luminosity versus plane is shown in Figure 5 together with the flux limit of the C-COSMOS and ChaMP surveys (dashed line) and the applied flux cut for ChaMP (dotted line). Luminosities were computed from in every case assuming an intrinsic Γ = 1.8.
The C-COSMOS & ChaMP high-z sample is a factor of 4-5 larger than all the previous individual X-ray selected samples at z > 3 (e.g. Brusa et al. 2009; Hiroi et al. 2012; Vito et al. 2013) . Most importantly, this is the first time that a significant sample of 29 X-ray selected AGNs at z > 4 is assembled. At these redshifts previous studies had a maximum of 9 sources. The z > 3 X-ray selected AGNs sample also covers more than a factor of 2 of soft (2-10 keV rest frame) X-ray luminosity, and includes a significant number of both broad-line and non-broad line AGN.
To discuss the obscured AGN fraction requires each object in our sample to be classified as obscured or unobscured. There are two commonly-adopted methods for classification; one is based on the optical emission line widths ('optical type') or, if a spectrum is not available, by the type of template that best fits the opticalinfrared spectral energy distribution (SEDs) of the sources. The other is based on the column densities, NH , in the X-ray spectra ('X-ray type') or, if an X-ray spectrum is unavailable, by the hardness ratio (HR) (e.g. Hasinger et al. 2001) . X-ray absorption should typically correlate with optical AGN type. In the unified scheme (e.g. Lawrence & Elvis 1982; Antonucci 1993; Urry & Padovani 1995) as the narrow emission line AGNs are viewed through the dusty torus, and hence have higher absorption column densities than broad emission line AGNs. In fact, evidence has been mounting over the years that the optical-and X-ray-based clas- 
sifications often give contrasting results (Lawrence & Elvis 2010; Lanzuisi et al. 2013; Merloni et al. 2014 ).
Optical Types
The optical type of the sources has been determined of the measured full width at half maximum (FWHM) of the permitted emission lines. Those objects with emission lines having FWHM > 1, 000 km s −1 (e.g. Stern & Laor 2012) are classified as 'optical broad-line' (BLAGN), and all others as 'optical nonbroad-line' (non-BLAGN) (i.e., they show narrow emission lines or absorption lines only; as done by Civano et al. 2011 Civano et al. , 2012 .
In the C-COSMOS spectroscopic z > 3 sample, 21 of 32 sources are classified as BLAGN. These are mainly associated with the brighter optical sources (iAB ∼ 22 − 23) of the spectroscopic sample (see Figure 7) . At fainter optical magnitudes (iAB > 23), equal numbers of broad-line and non-broad line AGNs are found. The classification for the 75 AGN in C-COSMOS with photometric redshifts is obtained by the Salvato et al. (2011) photometric fitting method fitting the SED via χ 2 minimization with code LePhare 3 . More details on the fitting can be found in Salvato et al. (2011) . Briefly, two libraries of templates were used, depending on morphology, optical variability, and X-ray flux of the source. The first library (defined in Salvato et al. 2009 , Table 2 ) consists of AGN templates, hybrid (host + AGN) templates, and a few normal galaxies and was used for all the point-like optical sources and for the extended sources with an X-ray flux brighter than 8 × 10 −15 erg cm −2 s −1 . The second library (as defined in Ilbert et al. 2009 ) includes only normal galaxy templates and it was used for the remaining sources (i.e., extended and with Xray flux < 8 × 10 −15 erg cm −2 s −1 ). The flowchart in Figure  6 of Salvato et al. (2011) summarizes the procedure. Civano et al. (2012) , according to this fitting, divide the sources into obscured AGN, galaxies and unobscured AGN. About 40 per cent (28 sources) of the photometric sample is best fitted with an unobscured quasar template, and 47 sources with an obscured quasar template. For 29 AGN with spectroscopic identification, the photometric and spectroscopic types match. Given the mismatch rate of ∼ 9%, we estimate that ∼ 7 out of the 75 AGNs could have been assigned the wrong SED classification.
In the ChaMP z > 3 spectroscopic sample, as expected at these fluxes (e.g. Brusa et al. 2009) , and due to the predominantly SDSS spectroscopic target selection, only 2/44 sources are non-BLAGN. The characterization of these sources based on their SED fittings has been obtained by Trichas et al. (2012) . In order to be in agreement with the spectroscopic ChaMP sample, we followed the same SED fitting method for the characterization of the 43 sources without a spectroscopic classification. According to this fitting, 11 of 43 sources are best fitted with an obscured quasar template (non-BLAGN). More details on the fitting can be found in Trichas et al. (2012) and Ruiz et al. (2010) . Briefly, a total of 16 templates has been used including QSO, Seyfert-2 galaxies, starburst galaxies, absorption line galaxies and composite templates that are known to harbor both an AGN and a starburst. The Ruiz et al. (2010) model has been adopted, which fits all SEDs using a χ 2 minimization technique within the fitting tool Sherpa (Freeman et al. 2001 ). The fitting allows for two additive components, one associated with the AGN emission and the other associated with the starburst emission. The fit with the lowest reduced χ 2 has been chosen as the best-fit model.
X-ray Types
Most sources in our sample have a low number of detected counts (median ∼ 25 in the 0.5-8.0 keV full band). In this count regime, spectral fit results are not reliable, especially if more than one free parameter is fit; even if the fit converges the uncertainties on the parameters are large. For these reasons, we use the Bayesian Estimation of Hardness Ratios (BEHR) method (Park et al. 2006 ) to derive X-ray spectral type. Hardness count ratios (HR), defined as HR = (CHB − CSB)/(CHB + CSB), where CSB and CHB are the counts in the soft band and hard band, respectively.
BEHR is particularly powerful in the low-count Poisson regime, because it computes a realistic uncertainty for the HR, regardless of whether the X-ray source is detected in both energy bands. Sources with unconstrained upper or lower limits due to non-detections (14 hard-only and 49 soft-only detections) have been computed by converting the 3σ flux upper limit in the undetected band into counts.
To estimate the column density, curves of constant NH as a function of redshift have been derived for two spectral slope values, Γ = 1.4 and Γ = 1.8. The flatter spectral slope has been chosen to be consistent with the assumptions adopted in producing the original X-ray catalogs (Kim et al. 2007; Puccetti et al. 2009 ). The steeper value is more representative of the intrinsic value if the spectrum is not affected by obscuration (Nandra & Pounds 1994) . The relationship between HR and redshift of our C-COSMOS and ChaMP AGN samples is shown in Figure 6 . Curves of NH = 10 20 , 10 22 , 5 × 10 22 and 10 23 cm −2 are reported for Γ = 1.8 (dashed lines) and Γ = 1.4 (solid lines). We observe that C-COSMOS sample tend to be more obscured as expected due to the fainter X-ray sensitivity limit, than the ChaMP sample (Lawrence & Elvis 1982; Ueda et al. 2003; Hasinger 2008; Brusa et al. 2010; Burlon et al. 2011) .
Though the two samples (C-COSMOS and ChaMP) of z > 3 AGN show different trends regarding their obscuration, the large HR errors and the similarity in this redshift range of the curves with widely different NH values for the same spectral slope, do not allow an accurate estimate of the column density for each source to be made. Using the CIAO 4 spectral analysis package, Sherpa 5 , we have simulated X-ray spectra for AGN populations at 3 < z < 7 in order to quantify the evolution of X-ray spectral slopes due to the k-correction of the observed AGN spectra toward high-z. Based on these simulations, we find that the HR distribution for the ChaMP sample peaks at Γ ∼ 1.8 − 2.0 while the HR distribution for C-COSMOS sample peaks at Γ ∼ 1.4 − 1.9. Hereafter, to better constrain the column density and for the purpose of comparison with previous studies, we fixed the photon index to Γ = 1.8 and converted all source fluxes.
In the present work, we adopt the NH = 10 22 cm −2 limit for the X-ray unobscured (NH < 10 22 cm −2 ) and obscured (NH > 10 22 cm −2 ) classification of the sources. Based on previous studies (e.g. Ueda et al. 2003; Hiroi et al. 2012; Lanzuisi et al. 2013) , the adopted criterion provides a good agreement with the optical classification of the AGN.
X-ray/Optical flux ratio
The X-ray/Optical (X/O) flux ratio is a redshift dependent quantity for obscured AGN, given that the k-correction is negative in the optical band and positive for the X-rays (Comastri et al. 2003; Fiore et al. 2003; Brusa et al. 2010) . As a result, obscured sources have higher X/O at high redshift. On the other hand, unobscured sources have similar k-corrections in the two bands, and the distribution in X/O is not correlated with the redshift (Civano et al. 2012) . Usually, the r-or i-band flux is used (e.g. Brandt & Hasinger 2005 ) while a soft X-ray flux was used originally used for this relation with the majority of luminous spectroscopically identified AGNs in the Einstein and ASCA surveys characterized by X/O = 0 ± 1 (e.g. Schmidt et al. 1998; Stocke et al. 1991; Lehmann et al. 2001) . The same relation has been used also in the hard band, without really accounting for the X-ray band used or the change in spectral slope (e.g. Alexander et al. 2001; Fiore et al. 2003; Brusa et al. 2003; Civano et al. 2005; Laird et al. 2009; Xue et al. 2011) . Figure 7 shows the distribution of X-ray soft (left) and hard (right) flux versus optical magnitude to illustrate the parameter space spanned by the broad-line and nonbroad-line populations. The X/O ratio (Maccacaro et al. 1988 ) is defined as:
where fX is the X-ray flux in a given energy range, mopt, is the magnitude at the chosen optical wavelength, and C is a constant which depends on the specific filter used in the optical observations. For both X-ray bands, the X/O = ±1 locus (grey area) has been defined using as C(i) = 5.91 (Civano et al. 2012) , which was computed taking into account the width of the i-band filters in Subaru, CFHT (Canada-France-Hawaii Telescope), or for bright sources SDSS. In the hard band, the locus is plotted taking into account the band width and the spectral slope used to compute the X-ray fluxes (Γ = 1.8). The majority of BLAGNs with a secure spectroscopic redshift, follow the trend of −1 < log 10 (fX /fi) < 1. However, given the variation in αOX with luminosity (e.g. Vignali et al. 2003; Young et al. 2010; Trichas et al. 2013) , there can be some shift in the locations of QSOs with luminosity within the so-called BLAGN region. This shift is consistent with the X/O relation being originally calibrated on soft-X-ray-selected sources, bright in the optical and also in the X-rays. This might explain the mild shift between the ChaMP and C-COSMOS BLAGN.
Apart from the AGN population found in the BLAGN region , there is also a significant population that lie at log 10 (fX /fi) > 1 suggesting obscured nuclei. The main characteristics of this sample are: 1) lack of spectroscopic redshifts (open symbols), 2) non-BLAGN optical classification (green symbols) and 3) low X-ray luminosities (10 43 erg s −1 < L 2−10keV < 10 44 erg s −1 ) with NH > 10 22 cm −2 for ∼ 65% of them, which is consistent with previous studies finding that mild obscuration is common at these luminosities (e.g. Silverman et al. 2010) . Furthermore, nearly 75% of all the sources with X/O> 1 are obscured, thus confirming that selections based on high X/O ratio are efficient in finding samples of obscured AGN.
Comparison of optical and X-ray types
In order to compare our optical classification to the expected obscuration of BLAGNs and nonbroad-line AGNs based on the unified scheme we have separated our total sample into broad-line and nonbroad-line AGNs (as described in Section 3.1).
In the case of the BLAGN, the X-ray classification criterion (NH = 10 22 cm −2 ) gives 28/124 X-ray obscured sources for Γ = 1.8. Half of these sources have a spectroscopic redshift and all but 3 come from C-COSMOS sample. If we also take into account the HR errors, then for the lower HR limits, 11 BLAGN are classified as X-ray obscured sources and 41 are classified X-ray obscured sources for the upper HR limits. In the non-BLAGN subset, the above criterion gives 49/71 X-ray obscured sources (detected in both soft and hard bands) for Γ = 1.8. The 27 soft band sources in non-BLAGN sample with no detection in the hard band (reported as downward arrows in Figure 6 ) have very high upper limits on the HR, due to the conservative flux upper limit computed by Puccetti et al. (2009) , but most of them do not thereby satisfy the NH > 10 22 cm −2 criterion. For the total sample, we find agreement between the optical and X-ray classification for ∼ 74%: ∼ 77%for the BLAGN and ∼ 69% for the non-BLAGN. These rates are consistent with recent studies (e.g. Lanzuisi et al. 2013; Merloni et al. 2014 ). Possible explanation can be a misclassification of faint type-1 with strong optical/IR contamination from host galaxy light.
To improve the statistics and gain information on the aver- age properties of the two subclasses, we compared their mean HR values as a function of redshift (Figure 8 ). Despite the ∼ 30% misclassification for the individual sources, the mean properties of the BLAGN and non-BLAGN seem to agree with the NH ∼ 10 22 cm −2 division. These results does not change even if we use only sources with spectroscopic redshifts. The upper and lower limits detected only in the soft or the hard band were used to compute the upper and lower boundary of the shaded area. We discuss the results in Section 5.
THE logN-logS OF THE Z > 3 AGN
We derived the soft band number counts of the z > 3 and z > 4 samples by folding the observed flux distribution through the sky coverage area versus flux curve of the C-COSMOS survey (Puccetti et al. 2009 ) and the ChaMP's 323 fields (Green et al. 2009 ). Additionally, we have corrected the number counts for ChaMP incompleteness in the spectroscopic/photometric coverage as a function of X-ray flux (i.e. Figure 3) .
To minimize the error associated with the most uncertain part of the sensitivity curve, we truncate the C-COSMOS sample at the flux corresponding to 10% of the total area (blue dashed line in Figure 1 ). Following Civano et al. (2011) , all the sources with a 0.5 − 2 keV flux above 3 × 10 −16 erg cm −2 s −1 have been considered (73 objects out of the 81 soft band detected). The flux limit applied to the sample is consistent with the signal-to-noise ratio thresholds chosen by Puccetti et al. (2009) , on the basis of extensive simulations, to avoid the Eddington bias in the computation of the number counts of the entire C-COSMOS sample. Thus, by applying a flux limit cut, we also reduce the Eddington bias affecting our sample. For ChaMP this would be at S 0.5−2keV > 2 × 10 −15 erg cm −2 s −1 , below the flux limit already applied. The binned logN-logS relations for two redshift ranges (z > 3; orange points and z > 4; blue points, with associated errors) are plotted in Figure 9 (top panel). In integral form, the cumulative source distribution is represented by:
where N (> S) is the number of sources with a flux greater than S and Ωi, is the limiting sky coverage associated with the ith source. The associated error is the variance:
The grey shaded area represents an estimate of the maximum and minimum number counts relation at z > 3 obtained by considering three different effects: 1) the 1σ uncertainty in the sky coverage area for each source using the sky coverage as a function of flux (see Figure 1 ) and the 1σ uncertainty in the flux;
2) the 14 sources from C-COSMOS with no-optical detection (seen in the soft band);
3) the sources with photometric redshift z photo < 3 but z photo + σ zphoto > 3.
To compute the upper boundary of the shaded area, we included all the sources in the main sample plus the sources with no optical detection at their flux+1σ error. For the lower boundary, we used the flux−1σ error only for the sources with zspec > 3. Under these assumptions, the number counts estimation would follow the lower boundary curve only in the very unlikely case that all the photometric redshifts are overestimated, while the observations would be described by the upper boundary if the selection of high redshift X-ray sources based on the lack of optical detection was a 100% reliable proxy.
We have compared our number counts with previous Xray surveys that span the range from deep, small area (CDFS, at 464.5 arcmin 2 with a soft band flux limit of ∼ 9.1 × 10 −18 erg cm −2 s −1 , Xue et al. 2011) , to moderate area and moderate depth (Chandra-COSMOS at 0.9 deg 2 with a 0.5-2 keV flux limit of ∼ 1.9 −16 erg cm −2 s −1 , Elvis et al. 2009 ) and finally to moderate area and shallower depth (XMM-COSMOS, at 2 deg Vito et al. (2013) . At the same redshift range but brighter X-ray fluxes, where only XMM-COSMOS sample have available points (Brusa et al. 2009 ) based on 4 sources, we reduce the uncertainties by factor of 4 using a sample of 66 sources with (S 0.5−2keV > 2×10 −15 erg cm −2 s −1 ). Notably it is the first time that data points at the bright end at z > 4 are included. At redshift z > 4, where the XMM-COSMOS sample had only 4 sources, the 4 Ms CDF-S 9 sources and the C-COSMOS 14 sources, the C-COSMOS & ChaMP sample has 27 sources (2-5 times larger), making it possible to compare the slope of the counts with models.
A comparison with the AGN number counts from three different phenomenological model predictions is also presented in Figure 9 with the different types of curves (orange color for z > 3 and blue color for z > 4):
1) The thick solid lines correspond to the predictions of the XRB synthesis model of Gilli et al. (2007) , based on the X-ray luminosity function observed at low redshift (e.g. Hasinger et al. 2005) , parametrized with a luminosity dependent density evolution (LDDE) and a high redshift exponential decline with the same functional form adopted by (Schmidt et al. 1995 ) (Φ(z) = Φ(z0) × 10 −0.43(z−z 0 ) and z0 = 2.7) to fit the optical luminosity function between z ∼ 2.5 − 6 (Fan et al. 2001 ), corresponding to one e-folding per unit redshift (hereafter referred to as LDDE+exp).
2) The dotted curves correspond to the predictions of the LDDE model without the high-z decline (Gilli et al. 2007) , obtained extrapolating to high-z the best-fit parameters of .
3) The dashed line is the luminosity and density evolution model (LADE; Aird et al. 2010 ) which fits the hard X-ray luminosity function derived by (Aird et al. 2010) While at z > 3 the two model predictions are very close, at z > 4, where the models have different slopes, the errors on the data of the previous studies do not allow a firm preference of one of the two models, highlighting the advantage of our sample with respect to previous surveys. In this work we find that the LDDE model (Gilli et al. 2007 ) without decline clearly overestimates the observed counts even in the most optimistic scenario (upper boundary) in both the z > 3 and z > 4 redshift ranges. Our results for the z > 3 sample (orange color) are in good agreement with both LDDE+exp (thick solid line) and LADE (dashed line) model predictions but only up to flux ∼ 2 × 10 −15 erg cm −2 s −1 , where the difference of the two models is < 20%. However, the main advantage of our sample becomes clear at brighter fluxes; our results strongly exclude the LADE model. This is in contrast to previous studies which could not distinguish between the two models due to their large uncertainties.
At z > 4 (blue color) our results are in good agreement with LDDE+exp predictions. We can not clearly exclude the LADE model if we take into account the upper and lower boundaries.
However, we can point out for first time that there is no sign of the expected decline to higher fluxes. LDDE is fully ruled out at z > 4. While fainter samples would be also useful for a better description of the model, considering only the z > 4 subsample by Vito et al. (2013) (4 Ms CDF-S, filled triangles), the data lie between the LDDE+exp and LADE models prediction. Vito et al. (2013) have included the presence of 3 sources at 5 < z < 7.7, whose redshifts are determined on the basis of relatively uncertain photometric information. If these sources were placed at 3 < z < 4, a good agreement would be obtained with the LDDE+exp model (see Vito et al. 2013 , Figure 9 ). In this case, the Vito et al. 2013 z > 4 sample would be consisted only by 5 sources.
2-10 KEV COMOVING SPACE DENSITY
To investigate the cosmological evolution of AGN at z > 3 the comoving space densities were calculated from our sample utilizing the 1/Vmax method (Schmidt 1968) . This method takes into account the fact that more luminous objects are detectable over a larger volume and is readily adapted to the case in which the survey area depends on flux.
The maximum available volume, over which each source can be detected, was computed by using the formula:
where Ω(f (LX , z, NH )) is the sky coverage at the flux f (LX , z) corresponding to a source with absorption column density NH and observed luminosity LX , and zmax is the maximum redshift at which the source can be observed at the flux limit of the survey. If zmax > z up,bin , where z up,bin is the maximum redshift of the redshift bin, then the zmax is the upper boundary of the redshift bin used for computing Vmax. In the case of the ChaMP sample, zmax is estimated using both the X-ray and optical survey limits and is selected to be the minimum of the two estimates so the source can be observed at the flux limit of both surveys. We computed the space density using the luminosities derived with Γ = 1.8. The contribution of sources with photometric redshift to the space density is weighted for the fraction of their P (z) at z > 3. After calculating the Vmax for each source, we sum the values in each redshift bin:
where φ is the comoving space density in the redshift range of each bin (zmin − zmax), and i is the index of the sample AGN falling into the redshift bin. The 1σ uncertainty is given by:
Including soft, hard and full band detected sources allows us to compute a space density which takes into account both unobscured sources, which emit more at softer energies, and obscured sources, LDDE+exp LADE Ueda+14 Figure 10 . The comoving space density in 3 different 2-10 keV X-ray luminosity ranges. The solid lines corresponds to the X-ray selected AGN space density computed for the same luminosity limit from the Gilli et al. 2007 LDDE+exp model. The dashed curve corresponds to the space density derived from the LADE model of Aird et al. 2010 . The colors respond to the shaded areas in Figure 5 and the shaded area represents the maximum and minimum space density under the assumptions described in the text. When only one source is included in the bin it has been plotted as an upper limit (at 3σ). The small black symbols and dotted lines correspond to the comoving space density data points and model derived from Ueda et al. 2014 for similar X-ray luminosity ranges.
which emit more at harder energies, without having to introduce any further correction or assumption. The resulting comoving space densities are shown in Figure 10 . To reduce the effects of incompleteness and to have a complete sample over a given redshift range, we divided the sample in three luminosity intervals (see Figure 5 , shaded areas): 1) At low luminosities (purple shading) we computed the space density in 3 redshift bins (z = 3 − 4.3) at 43.3 < log(LX /erg s −1 ) 44.0. 2) At intermediate luminosities (green shading) we computed the space density in 3 redshift bins (z = 3 − 5.4) at 44.0 < log(LX /erg s −1 ) 44.7 3) At high luminosities (orange shading) we computed the space density in 5 redshift bins (z = 3 − 5.0) at log(LX /erg s −1 ) > 44.7. The X-ray flux errors have been taken into account for the estimation of the space density upper and lower limits. For example, if the flux of a source is lower than the applied flux limit but its flux+1σ is higher than this limit, then the source will be included in the upper boundary sample. Similarly, if the flux of a source exceed the applied flux limit but its flux−1σ is lower than this limit, then taking into account the lower limit, this source will be by the lower boundary sample. The shaded areas include the above uncertainties affecting the computation of the space density, i.e., the flux errors and thus errors on the maximum volume associated to each source.
As explained in Section 2.1, the 15 sources with no optical band detection from C-COSMOS survey have not been included in the space density boundaries. However, we computed the space density assuming that all the 15 sources were at the redshift corresponding to the first bin, then to the second bin and so on (Civano et al. 2011) . The space density values computed in this case, in the first three bins, are within the shaded areas.
The space density in the three luminosity ranges is compared with the predictions, at the same luminosity threshold, from the same three models discussed in Section 4. The LDDE+exp model (Gilli et al. 2007 ) used for the logN-logS (solid lines), including in the model all the sources up to a column density of 10 25 cm −2 . We also compare with the LADE model (Aird et al. 2010 ; dashed line). The LDDE model is fully ruled so it is not included in the following comparisons. In agreement with the results obtained from the number counts, the LDDE+exp model provides an excellent representation of the observed data, although the LADE model cannot be rejected taking into account the upper and lower boundaries. We confirm that the shape of the space-density evolution of X-ray selected luminous AGN is consistent with that derived from optical quasar surveys within current uncertainties.
The results from the Ueda et al. (2014) for AGNs with the same X-ray luminosity ranges are also plotted for comparison (small black symbols). As can be seen, our results are consistent with those of Ueda et al. (2014) within the statistical errors, indicating a significant decline in the AGN space density from z = 3 to higher redshifts. To take into account the observed decline in their LDDE model (Figure 10 ; black dotted lines), Ueda et al. (2014) introduced another (luminosity-dependent) cutoff redshift above which the model declines. Their model indicates an 'up-sizing' evolution instead of the global 'downsizing' evolution, where more luminous AGN have their number density peak at higher redshifts compared with less luminous ones. In the cases of lower and intermediate X-ray luminosities the Ueda et al. (2014) LDDE model slightly overestimates our results but it is within the upper boundaries. In the case of the higher X-ray luminosities, where our data significantly reduce the uncertainties of the Ueda et al. (2014) sample, their model underestimates our result while a our data may indicate a flatting up to redshift z ∼ 4.
Type-1 vs Type-2 AGN
Comparing the high redshift evolution of optical-and X-ray-selected AGN samples, the same decline profile has been revealed. Considering that X-ray selected samples provide reduced obscuration bias in comparison with optically selected AGN, this similarity suggests no significant cosmological evolution of obscured AGN fraction at least at higher redshifts. Supporting these result, previous studies have been concluded that the obscured AGN fraction increases with redshift z = 1 to z = 2 (Ballantyne et al. 2006 ) but decreases at higher redshifts (Hasinger 2008) . To investigate further the cosmological evolution of type-1 and type-2 AGN and their fraction with in the redshift range of z = 3 − 7, we calculate the co-moving space density for the two sub-classes of AGN in our sample following the same method as described in Section 5.
The co-moving space density is shown in Figure 11 . The upper and lower boundaries are estimated similarly to Section 5 taking into account the X-ray flux errors and the 15 C-COSMOS source with no optical band detection. We have used both optical (large symbols) and X-ray (small symbols) AGN classification and they seem to be in a good agreement. To estimate the upper and lower boundaries, we also take into account the ∼ 29% of mismatches into the optical and the X-ray classification of AGN types, in order to estimate the upper and lower boundaries. Specifically, in the case of optically classified type-1 AGN, for the upper boundary we also include in each bin the sources classified as unobscured (NH < 10 22 cm −2 ) even if they are defined as type-2 AGN based on their optical classification. For the lower boundary, we exclude from each bin the type-1 AGN which have NH > 10 22 cm −2 . The same method is also applied for the type-2 AGN. So, the upper and lower boundaries include also the uncertainties due to the misclassification of sources.
The space density in the three luminosity ranges is compared with the predictions, at the same luminosity threshold, from the same LDDE+exp Gilli et al. (2007) model, including in the model all the sources with NH 10 22 cm −2 for the case of type-1 AGN and all the sources with NH = 10 22 − 10 24 cm −2 for the case of type-2 AGN. In agreement with our previous results, the LDDE+exp model provides an excellent representation of both type-1 and type-2 AGN. Since both type-1 and type-2 AGN follow the same decline profile it suggests that there is no significant cosmological evolution for their fraction above z > 3. The same results are obtained even if we follow the X-ray classification of the AGN sample into obscured and unobscured sources based (Figure 11 ; small black symbols).
The LDDE+exp model for these three luminosity ranges and the NH = 10 22 cm −2 division predicts a fraction of objects classified as type-2 over the type-1 AGN sources of 0.63, 0.5 and 0.48 at low luminosities 43.3 < log(LX /erg s −1 ) 44.0, intermediate luminosities 44.0 < log(LX /erg s −1 ) 44.7 and high luminosities log(LX /erg s −1 ) > 44.7 respectively. For the same luminosity bins, we have calculated the mean co-moving space density ratio for the two types Φtype2/Φtype1 = 0.59 ± 0.02, 0.48 ± 0.04 and 0.31 ± 0.18 from low to high luminosities. These are in good agreement with the LDDE+exp model predictions.
Recently, Hiroi et al. (2012) estimated the X-ray type-2 AGN fraction, classified based on the NH > 10 22 cm −2 criterion, to be 0.54
+0.17
−0.19 at z = 3.0−5.0 and in the luminosity range of log LX = 44.0 − 45.0 while for their optical selection of type-2 AGN they found a fraction of 0.59±0.09. Their estimates are somewhat larger than our result of 0.48±0.04, although they agree within the errors. This difference could be easily explained from the fact that their sample is significantly smaller (30 sources) than ours and contains only 4 sources with z > 4 from which the 2 classified as type-2 AGN have only photometric redshifts.
SUMMARY
We have presented the results of the largest X-ray selected sample of z > 3 AGN to date, compiled from the C-COSMOS and ChaMP surveys. The large body of C-COSMOS and ChaMP data and their combination allowed us to devise a robust method to build a sizable sample of X-ray selected AGN and control the selection effects including both type-1 (unobscured) and type-2 (obscured) AGN, at z > 3. Our sample consists of 209 detections in the soft and/or hard and/or full band. We find:
1) The average HR of the type-1 and type-2 AGN samples is consistent with the NH < 10 22 cm −2 criterion for the classification of the X-ray unobscured AGN and the NH > 10 22 cm −2 criterion for the classification of the X-ray obscured AGN, respectively.
2) For the individual sources there is a mis-match of ∼ 26% between optical and X-ray classification. The contribution from starburst emission in the soft band, or misclassification of faint type-1 with strong optical/IR contamination from host galaxy light could possibly explain the differences between the two classifications.
3) The number counts derived in this work (Figure 9 ) are con- Optical Classification X-ray Classification Figure 11 . The comoving space density in 3 different 2-10 keV X-ray luminosity ranges for type-1 (left) and type-2 (right) AGN. The solid lines corresponds to the X-ray selected AGN space density computed for the same luminosity limit from the Gilli et al. 2007 model and for N H 10 22 cm 2 in the case of type-1 AGN and N H > 10 22 cm 2 for type-2 AGN. The colors respond to the shaded areas in Figure 5 and the shaded area represents the maximum and minimum space density under the assumptions described in Section 5. The small black symbols represent the comoving space density in the 3 different 2-10 keV X-ray luminosity ranges for sources classified as unobscured (left) and obscured (right) AGN based on the X-ray classification and the N H = 10 22 cm 2 limit. sistent with previous determinations from the literature, yet significantly reduce the uncertainties especially at bright fluxes and at high redshifts (z > 4). The number counts of our combined C-COSMOS/ChaMP sources are consistent with the trend that the space density significantly declines at higher redshifts, similarly to XMM (Brusa et al. 2009 ) and C-COSMOS (Civano et al. 2011) results at similar fluxes at least within their errors and CDF-S (Vito et al. 2013 ) at fainter fluxes, and are better described by the LDDE+exp model (Gilli et al. 2007) .
In contrast to the previous studies, and due mainly to the large sample and wide flux coverage, our results exclude the Aird et al. (2010) Gilli et al. (2007) LDDE+exp model well at fainter fluxes, but only for z > 3, while our sample give the same results at the brighter fluxes where (due to the low expected counts) a large sample is required.
4) In agreement with the number counts, the space density is well-described with the LDDE+exp model at all X-ray luminosity bins and redshifts, while the LADE model fails to fit the data. These results confirm the declining space density as observed in the optical wavelengths. 5) Taking into account both optical and X-ray classifications, we derived the space density for type-1 and type-2 (obscured and unobscured) AGN separately. In both cases the results are in agreement with the LDDE+exp model suggesting that the high-redshift evolution of obscured AGNs is similar to that of unobscured AGN. For each luminosity bin, we derived the type-2 AGN fraction among the total AGN sample to be 0.59 ± 0.02, 0.48 ± 0.04 and 0.31 ± 0.18 at z > 3 in the luminosity ranges of LX = 10 43.3−44.0 , 10 44.0−44.7 , 10 44.7−46.0 erg s −1 . The last result should have a significant impact on our understanding of the galaxy and black hole co-evolution. Either or both line-of-sight orientation or evolutionary phase (e.g., covering factor of high column obscuration) can affect the apparent obscuration (and therefore classification) of AGN. Given that orientation does not evolve preferentially towards us, this work allows us to to say that the obscured and unobscured evolutionary phases do evolve similarly.
APPENDIX A:
QSO candidates at redshift ≃ 3.0−3.5 satisfied the following cuts: σr < 0.13 AND u > 20.6 AND u − g > 1.5 AND g − r < 1.2 AND r − i < 0.3 AND i − z > −1.0 AND g − r < 0.44(u − g) − 0.76.
(A1)
For the redshift range ≃ 3.5 − 4.5 this selection becomes This paper has been typeset from a T E X/ L A T E X file prepared by the author. 
